INTRODUCTION
The benzoxazoles are a large chemical family used as antimicrobial agents against a wide spectrum of microorganisms. The high therapeutic activity of the related drugs have encouraged the medicinal chemists to synthesize a large number of novel chemotherapeutic agents. The incorporation of the benzoxazole nucleus is an important synthetic strategy in drug discovery. This class of molecules have broaden the scope in remedying various dispositions in clinical medicine. This heterocyclic system has different activities as it can act as bacteriostat or bactericide, as well as fungicide and it is present in numerous antiviral drugs (1) (2) (3) (4) (5) (6) (7) (8) (9) (10) (11) (12) .
The resistance of some pathogens to standard antibiotic therapies is quickly becoming a major public health problem all over the world. There is a real need for the discovery of new antimicrobial agents, possibly acting through the mechanisms, which are distinct from those of well-known classes of antimicrobial agents to which may clinically relevant pathogens may be now resistant.
A quantitative structure-activity relationship (QSAR) analysis was conducted to investigate the quantitative effect of structural properties of the compounds on their antimicrobial activity (13) (14) (15) (16) (17) (18) . The QSAR, as one of the most important methods in chemistry, gives information that is useful for drug design and medicinal chemistry. These are mathematical models relating chemical structure to a wide variety of physical, chemical, technological and biological properties. The defined relationship between the activity and molecular descriptors are used to estimate the property of molecules and/or to find the parameters affecting the biological activity.
LogP is a frequently used molecular descriptor in QSAR analyses (19) (20) (21) (22) (23) . It is a quantitative descriptor of lipophilicity, one of the key determinants of pharmacokinetic properties. The lipophilicity modifies the penetration of bioactive molecules through the non-polar cell membranes. This property is usually characterized by the partition coefficient, which is essentially determined from distribution studies of the compound between an immiscible polar and non-polar solvent pair. By knowing exact values for this parameter, it is possible to predict the inhibitory activity of a drug.
In view of above and in continuation of our studies on QSAR analyses (13) (14) (15) (16) (17) (18) 22) , the goal of this investigation was to elucidate the quantitative effect of the lipophilicity on antifungal activity of some benzoxazole derivatives against Candida albicans. The objecttive was to develop a rapid and reliable method to predict antifungal activity of this class of molecules.
EXPERIMENTAL
The structures of the benzoxazoles investigated in this study are presented in Table 1 . The results of antifungal activity against Candida albicans (MTCC 183) for all the benzoxazole derivatives were taken from the literature (24) . Minimum inhibitory concentration (MIC) of tested benzoxazoles is defined as the lowest concentration of the compound at which no growth of the strain. The negative logarithms of molar MICs (log1/c MIC ) were determined and used for further calculations. 
Molecular Modeling and logP Calculations
Molecular modeling studies were performed by using CS Chem-Office Software version 7.0 (Cambridge software) running on a P-III processor (25) . All molecules were constructed using Chem Draw Ultra 7.0 and saved as the template structure. For every compound, the template structure was suitably changed considering its structural features, copied to Chem 3D 7.0 to create a 3-D model and, finally, the model was cleaned up and subjected to energy minimization using molecular mechanics (MM 2 ). The minimization was executed until the root mean square (RMS) gradient value reached a value smaller than 0.1 kcal/molA. The Austin Model-1 (AM-1) method was used for re-optimization until the RMS gradient attained a value smaller than 0.0001 kcal/molA using MOPAC. The lowest energy structure was used for each molecule to calculate lipophilicity parameters (Table 2) .
Statistical Methods
The complete regression analysis was carried out by PASS 2005, GESS 2006, NCSS Statistical Softwares (26).
RESULTS AND DISCUSSION
The results of antifungal studies of 19 benzoxazole derivatives against Candida albicans are summarized in Table 2 . As is evident, all the compounds show noteworthy antifungal activities against the tested fungi. Consequently, the compounds with high log1/c MIC (or low MIC) are the best antifungals.
In this study, the log1/c MIC values were correlated against logP parameters calculated using CS Chem-Office Software. The lipophilicity parameters are linearly related to the inhibitory activity (MICs) (Eq. 1 and Fig. 1 ). It is well known that there are three important components in any QSAR study: development of models, validation of models and utility of developed models. Validation is a crucial aspect of any QSAR analysis. The statistical quality of the resulting model, as depicted in Eq. 1, is determined by the correlation coefficient (r) and standard error of estimation (s).
Candida albicans
For testing the validity of the predictive power of derived model the cross-validation statistical technique was used. This is the most common validation technique, where a number of modified data sets are created by deleting, in each case, one or smaller group of objects from the data in such a way that each object is taken away once and only once. For each reduced data set, the model is calculated, and responses for the deleted objects are predicted from the model. The simplest and most general cross-validation procedure is the leave-one-out technique (LOO technique). This method uses cross-validated fewer parameters: PRESS (predicted residual sum of squares), SSY (total sum of squares deviation), Q 2 and r 2 adj . PRESS is an important cross-validation parameter as it is a good approximation of the real predictive error of the models. Its value being less than SSY points out that the model predicts better than chance, and can be considered statistically significant. The present models have PRESS<<SSY. From the PRESS and SSY, Q 2 can be easily calculated: The high Q 2 value observed for derived QSAR model is indicative of its reliability in prediction of inhibitory activity.
However, the only way to estimate the true predictive power of a model is to test its ability to predict accurately the inhibitory activities of compounds. In order to verify the predictive power of the developed model, predicted log1/c MIC values of benzoxazole investigated were calculated by using models (1) and compared with the experimental values ( Table 2 ). The data presented in Table 2 show that the observed and the estimated activities are very close to each other. The residual activity (the difference between experimentally observed log (1/c MIC ) and QSAR calculated log (1/c MIC )) is less than or equal to 0.019. Further, Fig. 2 shows the plot of the linear regression of the predicted versus experimental values of the antifungal activity of benzoxazoles investigated. All the presented results suggest the dependence of the lipophilicity parameters on antifungal behaviour of benzoxazoles investigated. By knowing exact values of these parameters, we can accurately predict the inhibitory activity. To investigate the existence of a systematic error in developing the QSAR models, the residuals of predicted values of the inhibitory activity were plotted against the experimental values, as shown in Figure 3 . The propagation of the residuals on both sides of zero indicates that no systemic error exists, as suggested by Jalali-Heravi and Kyani (27) . It indicates that these models can be successfully applied to predict the antifungal activity of this class of molecules. The results of this investigation indicate that the antifungal activity exhibited by the tested compounds is governed by the partition coefficient, logP. Lipophilicity as a physicochemical parameter has an important effect on inhibitory activity, and this parameter is usually related to the pharmacological activity. LogP is a measure of hydrophobicity, which is important for the penetration and distribution of the drug, but also for the interaction of drug with the receptors. The derived relationship between the lipophilicity parameters and inhibitory activity can be used to estimate the antifungal activity of other benzoxazoles.
CONCLUSIONS
Molecular modeling and QSAR analysis were performed to find the quantitative effects of the lipophilicity parameter, logP, of some benzoxazole derivatives on their antifungal activity against Candida albicans. The logP values were calculated for each molecule, and a high-quality mathematical model relating the inhibitory activity, log1/c MIC , and logP was defined. The validity of the model has been established by the determination of the appropriate statistical parameters. The established model was used to predict the inhibitory activity of the benzoxazoles investigated and close agreement between experimental and predicted values was obtained. The low residual activity and high cross-validated r 2 values (Q 2 ) observed indicated the predictive ability of the developed QSAR model. It is concluded that the lipophilicity parameter is a convenient quantity for modeling inhibition for the present set of benzoxazole derivatives.
